Abstract--X-ray diffraction patterns obtained from montmorillonite-dextran complexes prepared with either B-512F or Polytran dextran showed maximum oven-dry crystal expansions of about 5.3 A. X-ray diffraction patterns of individual complex preparations containing < 20 per cent dextran showed evidence of both expanded and collapsed crystals. The observation of expanded and collapsed crystals in individual preparations has not been previously reported and was apparently related to clay preparation. An estimate of the quantity of dextran which could be interacting with the silicate surface was obtained using polymer adsorption weights and volumes. At maximum adsorption almost all adsorbed B-512F could be in contact with the mineral surface, but only two thirds of the adsorbed Polytran could be in contact with the mineral surface.
INTRODUCTION
PREVIOUS reports of interlamellar adsorption of polysaccharides by montmorillonite show a single first order diffractogram peak in individual claycomplex preparations (Clapp et al., 1968; Parfitt, 1969; Parfitt and Greenland, 1970) which indicates a single basal spacing exists. The (001) spacings of montmorillonite B-512F dextran complexes have been reported by Clapp et al. (1968) and Parfitt and Greenland (1970) for several complexes. Parfitt and Greenland (1970) have also reported (001) spacings for montmorillonite-amylose complexes. There has been no suggestion of more than one first order peak observed, although the added dextran was often insufficient to saturate the mineral surface area. A comparison of previously published spacings is shown in Table 1 . This paper reports the formation of montmorillonite-dextran complexes exhibiting both collapsed and expanded crystals in individual complex preparations. Adsorbed volumes of dextran and volume available for dextran adsorption are also compared. ~:Company or trade names are mentioned for the reader's benefit and do not imply preference by the USDA over products or companies not mentioned.
EXPERIMENTAL

Materials
The montmorillonite used was a bentonite from Clay Spur, Wyoming (obtained from J. W. Jordan, Baroid Division, NL Industries, Inc., Houston, Texas). The clay consisted of < 2/zm esd particles which had been centrifuged and spray dried. The partially refined clay was hydrated and treated with 30 per cent H~O2 to remove any traces of organic matter. After destruction of excess peroxide, the clay was flocculated with NaC1 and washed five times with 1M NaC1. The clay was subsequently washed with water until the resistance of the supernatant solutions showed no further increase with continued washing (4-5x). A large portion of very fine clay remaining in suspension after centrifugation (35,000 rcf, 15 min) during excess chloride removal was discarded and complexes were prepared with the coarse fraction of refined clay. Final wash solution resistance was about 1.6 • 105 ~ and final clay suspension pH was about 6.9. After excess salt removal, the clay was resuspended in water and freeze-dried. Further details are given elsewhere (Olness, 1973) .
Two glucose polymers, identified as Polytran and B-512F, which had linkage variations as a primary distinguishing feature, were used in this study. Both polysaccharides had molecular weights /> 2 • l0 s as determined by Sephadex gel filtration. Polytran~ (obtained from the Pillsbury Company, Minneapolis, Minnesota) is a fermentation product which has about 75 per cent /3-1~ 3 linked 289 A. OLNESS and C.E. CLAPP Parfitt and Greenland (1970) .
units and 25 per cent/3-1 ~ 6 linked monoglucoside branch units. This dextran was purified by repeated precipitation in ethanol-acetone mixtures after resuspension in water and freeze dried. The final preparation contained about 5 per cent low molecular weight dextran (104-105 MW). The B-512F dextran (obtained from A. Jeanes, Northern Regional Research Laboratory, USDA, Peoria, Illinois) is a fermentation product containing about 95 per cent a-1 --~ 6 and 5 per cent c~-I ~ 3 linkages produced by Leuconostoc mesenteroides (Jeanes et al., 1954) . The freezedried B-512F dextran contained no trace of < 105 MW polymer and was used as received.
Methods
Complexes were prepared by pipetting solutions of dextran into 1 per cent clay suspensions in 50-ml polycarbonate centrifuge tubes. The clay was suspended for about 1 hr with a magnetic stirrer prior to dextran addition. Polysaccharide solutions were centrifuged (1 hr, 35,000 rcf) to remove any traces of particulate or incompletely dissolved material immediately prior to addition to the clay suspensions. The clay-dextran mixtures were equilibrated with stirring for about 4 hr on a magnetic stirrer. Complexes were centrifuged, washed twice with water, and freeze-dried.
Adsorbed dextran was determined by subtracting the quantity of polysaccharide recovered in the supernatant and wash solutions from the total amount applied. Carbohydrate was determined by a modification of the anthrone procedure (Olness, 1973) of Scott and Melvin (1953) .
Clay and clay-polymer complex X-ray analyses were obtained with a General Electric XRD-5 diffractomer using nickel filtered copper Kc~ radiation in an atmosphere of about 10 per cent r.h. Oriented samples were prepared by pipetting clay or clay complex suspensions on glass slides and allowing the suspension to air dry to a paste consistency. Slides were then equilibrated in a desiccator for 2 1-week periods, the first week over saturated K2CrzO7 (52 per cent r.h.) and the second week over saturated CaClz (32 per cent r.h.). After the slides had been examined at these moist states, they were oven-dried at 105~ for 24 hr and stored in a desiccator over P205. Examination of the ovendry complexes under vacuum (10-4mm Hg), by R. Gast, University of Minnesota, St. Paul, substantiated observations reported here and indicated no change due to water vapor adsorption in the oven-dry complexes during X-ray analysis.
RESULTS AND DISCUSSION
Adsorption curves for the dextrans are shown in Fig. I . All added dextran was adsorbed for application levels ~< 10/100 mg clay. The Polytran adsorption maximum was approximately 62/100 mg clay and was significantly greater than the B-512F adsorption maximum of 44/100 mg clay.
A compilation of the (001) X-ray diffraction peaks for complexes equilibrated at 52, 32 per cent r.h., and oven-dried is presented in Table 2 . Only slight differences exist between the (001) spacings of montmorillonite-dextran complexes equilibrated at 52 and 32 per cent r.h. Diffractograms of clay-Polytran complexes that had been oven-dried for 24 hr at 105~ show two first order (001) peaks and shoulders in the patterns of the 3.6, 7-3, and 16.6 per cent dextran complexes ( Fig. 2 and Table 2 ) indicating more than one basal spacing. This result is in contrast with previously published work, which reported single basal spac- 16.6%; D, 7.3%; E, 3.6%; F, Na-mommorillonite.
ings (Clapp et al., 1968; Parfitt, 1969; Parfitt and Greenland, 1970) . The 3.6 per cent Polytran complex pattern (Fig. 2, e) shows a well-defined peak at about 9.9/~ indicating a collapsed crystal structure. Also present is a well-defined shoulder located at about 13.5 ~,, suggesting the presence of expanded cry stal s.
As the dextran content of the complex increases, the peak representing a collapsed crystal spacing diminishes in intensity and disappears for complexes containing more than 20 mg dextran/100 mg clay.
The shoulder at about 13.5A increases in intensity and becomes a relatively well-defined peak having a central location at about 14-5A. No evidence of spacings greater than 15,~ are found in any of the diffractograms of the Polytran complexes dried at 105~ The X-ray diffTactograms of oven-dried clay B-512F complexes (patterns not shown) also indicated the presence of both collapsed and expanded crystals at low levels of dextran adsorption. The 4.5 per cent dextran complex had two peaks at 9-8 and 13.6 A which were nearly equal in intensity and distinctness. Patterns of complexes containing greater quantities of B-512F show the same trend as the Polytran complexes in that the 9.8-9.9 ,~ peak disappears gradually while the 13.6-14.6 ,~ peak increases in intensity and distinctness with increasing dextran content.
With only one exception, no oven-dried complex preparation indicated an interlamellar expansion of greater than 5-3 ~,. This observation indicates that no complex formed which contained more than one equivalent intedamellar layer of adsorbed dextran. While the X-ray diffractograms are characteristic of a sodium-saturated montmorillonite (Pattern f, Fig. 2 ), the formation of only a monomolecular layer of adsorbed dextran in the inter-lamellar regions seemed inconsistent with the expected results. An adsorbed monolayer ofdextran on each silicate surface might be expected.
The maximum surface area of montmorillonite is approximately 800 mZ/g (Grim, 1968) . The interlamellar surface area has been estimated to be approximately 90 per cent of the total area or about 720 m2/g (Grim, 1968) . Using 5.3 A as a maximum expansion for adsorbed dextran, the volume available for dextran adsorption can be calculated in the following manner: The factor of 89 is required in computing Vt since two interlamellar surfaces bound a single interlamellar volume. Using a similar treatment, V~ can be determined as about 4.2 • 10 -3 cm3[100 mg clay. Thus VT is about 23.3 x 10 -3 cm3/100 mg clay.
The volume of B-512F dextran adsorbed at maximum adsorption can be calculated by assuming a volume for dextran of about 160 ,~3 per anhydroglucose unit (the molecular volume of glucose calculated from a density of 1-56 g/cm 3 is about 171 ,~3, Handbook of Chemistry and Physics, 1969) . The use of an anhydroglucose unit volume of about 160 ~3 gives a dextran density of about 1.5 g/cm 3. These calculations would imply that a major portion of the adsorbed B-512F may be closely associated with the surface of the clay at maximum dextran adsorption.
A similar treatment to determine the volume of Polytran adsorbed at maximum dextran adsorption would give a value of about 36.9• 10-3cm3[100 mg clay. Thus a large portion of the adsorbed Polytran may not be associated with the clay surface at maximum adsorption. This conclusion regarding Polytran has been supported by enzymatic studies (Olness, 1973) in which only the complexes with maximum adsorption were degraded. Enzymatic degradation resulted in a complex containing about 28 per cent dextran (40 mg/100 mg clay).
One possible explanation of the differences in the results reported here and those of Clapp et al. (1968) is the sample preparation procedures used. We prepared nominal 20 per cent complexes with each dextran using the Na~SO4 flocculation method of Clapp et al. (1968) to get a more direct comparison with their results. The diffraction patterns of the salt flocculated complexes show single peaks at about 15.5 ,~ for a 14.5 per cent Polytran and 12.7 per cent B-512F complex respectively. The maximum spacings of the corresponding complexes prepared without excess salt were 14.5 and 14.2 for the Polytran and B-512F complexes, respectively. This evidence may explain the absence of both expanded and collapsed crystals in previously reported clay-dextran complexes and the observation of relatively large (> 7 A) crystal expansions.
